The benefits of screening programs are highly dependent on risk group definition. This is especially true for lung cancer screening. Results from the National Lung Cancer Screening Trial (NLST) and the NELSON trial (Dutch/Belgian randomised lung cancer screening trial) demonstrated that lung cancer screening using low-dose CT scans results in reduction of cancer-related mortality. This article gives a short overview on participant selection in the NLST and NELSON trials, and on current evidence for implementation of multivariable risk prediction models.
Introduction
Worldwide, lung cancer is the leading cause of cancerrelated mortality and one of the ten most frequent causes of death [1, 2] . As with most solid malignancies, prognosis at early stages is more favourable. Unfortunately, at the time of diagnosis most patients are in an advanced stage of disease and despite recent therapeutic progress prognosis remains poor [3] . Therefore, emphasis should be set on the identification of lung cancer at an early disease stage. Due to an often asymptomatic course at early stages, screening of high-risk patients seems to be the only appropriate option to reach this goal. Thus, the aim of screening programs is the detection of clinically unapparent cancer to offer the possibility of curative treatment. So far, screening programs have been successfully established in different malignant diseases including breast, prostate, cervix or colorectal cancer. In contrast to these programs, age as the main inclusion criterion appears to be of minor relevance for lung cancer risk. Since potential benefits of disease screening are highly dependent on proper risk stratification, smoking history as most important risk factor must be included.
Lung cancer screening trials
Until recently, the National Lung Cancer Screening Trial (NLST) was the first randomized prospective trial demonstrating a significant benefit of lung cancer screening in high-risk individuals. In NLST, annual low-dose CT (LDCT) screening led to a 20% reduction in mortality from lung cancer, compared to annual screening with chest x-ray [4] . High-risk individuals were defined according to age and smoking history (age between 55-74 years and a history of smoking 162 Whom to screen? A view on lung cancer screening from the pneumologist's perspective K short review with at least 30 pack-years [PY] or, if former smokers, cessation <15 years).
At the 19th IASLC World Conference on Lung Cancer first survival results from a large Dutch/Belgian randomized, population-based lung cancer screening trial, the NELSON study, were presented [5] . This trial confirmed the benefits of LDCT screening in high-risk participants, compared to standard of care. According to the survival analysis at 10 years, LDCT screening led to a reduction of lung cancer-related mortality of 26% in men and of 39% in women, respectively. According to the study design, more than 15,000 participants were randomized for LDCT screening, with 4 screening rounds (year after randomization: 1, 2, 4 and 6.5) or observation.
The inclusion criteria were age between 50-75 years, and a history of smoking with a minimum amount of 15 cigarettes per day for 25 years or 10 cigarettes for 30 years and smoking cessation of less than 10 years.
In both trials, the inclusion criteria were based on smoking history and age. In comparison to the NLST, there was a lower smoking threshold in NEL-SON (30 PY vs 15 PY). Most importantly, based on the NLST results, the United States Preventive Services Task Force (USPSTF) recommended lung cancer screening for current and former smokers aged 55-80 [6] .
Risk prediction models
Besides smoking and age, other risk factors for lung cancer include family history, asbestos exposure and chronic lung diseases. Thus, incorporating other risk factors than smoking or age leads to a more precise definition of patients at risk for lung cancer.
In a retrospective analysis of the NLST data, participants were divided into risk quintiles using the Prostate, Lung, Colorectal and Ovarian (PLCO) model [7] . Efficacy of LDCT screening increased according to risk quintile. In quintile 1, including patients with the lowest risk, 0.2 lung-cancer deaths per 10,000 person-years were prevented, compared to 12.0 in quintile 5. Furthermore, the false-positive rate declined in higher quintiles. Screening of subjects in quintile 1 accounted for 1% of screening-prevented lung cancer deaths as compared to 88% of screening prevented death in quintiles 3-5 which accounted for 60% of the study population. These facts emphasize the need of further adjustment of high-risk group definition. In this regard, different multivariable risk prediction models have been published, e.g. the Spitz [8] , Bach [9] , Knoke [10] , Two-Stage Clonal Expansion (TSCE) [11] , Liverpool Lung Project version 2 (LLPv2) [12] and PLCOM2012 [13] model. TenHaaf et al. did an external validation of nine risk models comparing their performance in regard to discrimination, calibration and clinical usefulness for selection of lung cancer screening candidates [14] . All models had a better specificity and sensitivity compared to the criteria used in the NLST, with appropriate risk thresholds.
Besides the implementation of additional lung cancer risk factors, a better performance of risk prediction models is mainly driven by the inclusion of a more detailed assessment of smoking history. NLST and NELSON used the risk factor in a dichotomized way (>PY threshold; <quit time duration), whereas the PLCOM2012 among others includes four smoking variables. Also, the TSCE and Knoke model, consisting solely of age and gender, but with a detailed smoking history, outperform the NLST criteria. Overall, the PLCOM2012 had the best performance in all parameters investigated, followed by Bach and TSCE.
In an external validation of the risk prediction models on data from the European Prospective Investigation into Cancer and Nutrition (EPIC) study [15] , the PLCOM2012 was the one with best performance, highest sensitivity, specificity and positive predictive value. The PLCOM2012 is a modified version of the risk prediction model used in the PLCO screening trial. The multivariable risk prediction consists of age, smoking history (status, pack-years, quit time), COPD, family history of lung cancer, level of education, BMI and chest radiograph in the previous 3 years and predicts 6-year lung cancer risk. It was validated in the PLCO intervention group of smokers and in NLST participants [13] . Risk stratification with PLCOM2012 improved sensitivity and positive predictive value, with equal specificity compared to NLST criteria.
Furthermore, it showed good predictive performance in an Australian population-based cohort study including 95,882 participants, being the largest independent validation of the PLCOM2012 [16] . It was further shown that the main influence of risk prediction in PLCOM2012 is smoking history and age, since after exclusion of other variables, PLCOM2012 still had a better performance than the NLST criteria.
The Bach model is based on the Carotene and Retinol Efficacy trial (CARET) and includes age, gender, smoking (intensity, duration, years since cessation) and asbestos exposure [9] . In the TSCE incidence model, based on the Nurses' Health Study (NHS) and Health Professional Follow-up Study (HPFS), age, gender and a detailed smoking assessment (status, duration, intensity, time since cessation) predicted lung cancer incidence [11] .
The LLPv2 estimates the lung cancer probability within a 5-year period, by using additional risk factors on top of age and smoking history, including family history of lung cancer, prior diagnosis of a malignancy other than lung cancer, prior diagnosis of pneumonia and exposure to asbestos. It was developed by analyzing data of 579 lung cancer patients and of 1157 ageand sex-matched controls [12] . Validation was done using three independent external data sets showing good discrimination [17] . Furthermore, it has been used for risk stratification and patient selection in the prospective, randomized controlled UK Lung Cancer Screening Trial using an LLPv2 risk threshold of ≥5% five-year lung cancer risk [18] .
All presented models were superior to the NLST criteria in risk prediction for lung cancer. A critical issue with risk models appeared to be the definition of predictive risk thresholds for initiation of cancer screening. In the studies here presented the risk models had their individual thresholds. F.i. in the PLCOM2012, lung cancer screening should be considered when 6-year cancer risk was ≥1.51%. So far, there are no recommendations which risk prediction model and risk threshold should be used for implementation in lung cancer screening programs, but available data demonstrate the superiority of risk prediction models compared to the NLST criteria.
Prospective studies are needed using risk prediction models as inclusion criteria in LDCT screening programs to evaluate if this results in an even greater benefit compared to NLST and NELSON. Importantly, chronic pulmonary diseases represent criteria which should be included. Among others, COPD and pulmonary emphysema are strong predictors of lung cancer, and represent lung cancer risk factors independent of smoking history [19] . Furthermore, lung fibrosis is associated with a substantial increased lung cancer risk, as is long-term asbestos exposure.
Conclusion
Although recent years have seen major advances in the treatment of lung cancer, prognosis is poor. Furthermore, the number of lung cancer cases is still rising, and apart from preventive measures and initiative to reduce risk factors such as smoking, new strategies for early detection of cancer are needed to reduce disease-related morbidity and mortality. The NLST and NELSON trial have proved that large scale LDCT lung cancer screening is feasible, resulting in a reduction of lung cancer-associated mortality. However, age and smoking history were the sole inclusion criteria. On the other hand, different multivariable lung cancer risk prediction models have been established. Used in retrospective analyses, these models showed a significantly better performance than the criteria used in the NLST trial. Thus, we conclude that a more sophisticated and individualized risk-based approach may be more efficient than a risk stratification based on age and smoking history only. To increase the benefit of LDCT screening, risk prediction models such as the PLCOM2012 may be implemented for identification of patients at risk. However, further studies are needed to corroborate improved performance of risk prediction models. In summary, current evidence encourages the use of risk prediction models in lung cancer screening programs. 
